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Coupling of hydrazines and hydrazones with bromoporphyrins and their Ni(II) and Zn(II) 
complexes under Pd catalysis, followed by oxidation, leads to novel pigments in which the 
porphyrin conjugation is interrupted. The crystal structure of a nickel(II) complex of this new 
porphyrinoid shows a saddle-like geometry. 
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Abstract—Novel porphyrinoids with interrupted conjugation (di-iminoporphodimethenes) result from the Pd-
catalyzed coupling of meso-bromo porphyrins and their metal complexes with carbazates and hydrazones, followed 
by aerial oxidation. X-Ray crystallography revealed a saddle shape for molecules of the nickel(II) complex of a di-
iminoporphodimethene. 
 
In recent years, palladium-catalyzed couplings have been used extensively to prepare many novel 
mono- and oligoporphyrins for a variety of applications.1 Most of these have involved carbon-
carbon couplings, but recently couplings with softer nucleophiles have been achieved, for example 
C-N, C-O, and C-S bond formation to the porphyrin periphery.2 These reactions afford a wide 
range of new functionalized porphyrins with possible biological activity that is yet to be 
investigated. We have now extended these aminations by using protected hydrazines as 
nucleophiles, and discovered unique reactivity apparently due to the presence of the second 
nitrogen atom attached to the amino substituent. 
 
Excess t-butyl carbazate was reacted with 5-bromo-10,20-diphenylporphyrinatonickel(II) Ni·1a 
(Scheme 1) under reaction conditions similar to those described by Suda and coworkers for 
amination and amidation.2a The reaction, however, did not proceed as expected, and three novel 
products were isolated after extraction and column chromatography. The structures of these 
products were elucidated spectroscopically and the least polar, bright green product was found to 
be Ni·2a, a mono-meso-substituted azocarboxylate. Anderson and co-workers have synthesized 
mono-meso-substituted arylazo compounds,3 however we believe this is the first reported 
synthesis of meso-substituted azo compounds using palladium catalysis. 
 
More interestingly, the major product of the reaction was found to be the very polar blue-green 
Ni·3a, a structure closely related to 5,15-dioxoporphyrins (or dioxoporphodimethenes), which 
have been known for some time.4 Other “deconjugated porphyrinoids” include the dialkylidene 
quinoidal porphyrins of Anderson and co-workers.5 The Ni(II) complex of  5-imino-15-
oxooctaethylporphyrin, prepared by FeCl3 oxidation of the 5-amino complex, was recently 
reported by Balch and co-workers.6 The analogous Zn(II) complex was mentioned in 1970.7 
However, porphyrinoids with two exocyclic imine bonds, displaying the general structure 3, are 
previously unreported. It is noteworthy that a bis-amination occurred, despite the presence of only 
one bromo substituent. This double activation of an opposite meso position may be a general 
phenomenon in the presence of suitable substituents, and is worthy of study in its own right. The 
unsubstituted NiDPP was subjected to the usual coupling conditions, but addition of carbazates 
did not occur. It appears that the presence of the first azo (or hydrazo) substituent is necessary for 
the activation of the opposite meso carbon to the second addition. We are currently investigating 
the mechanisms of these reactions in detail. 
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Scheme 1. Synthesis of azocarboxylates and di-iminoporphodimethenes. a) tBu or Et carbazate, Pd(OAc)2, rac-
BINAP, Cs2CO3, THF, 68°C, 18 h (Ni·2b, X = H, M = Ni, 1 eq. carbazate: 63%; Ni·3b, X = Br, M = Ni, 2.2 eq. 
carbazate: 61%); b) DDQ, CH2Cl2, 5 min (5b: 89%); c) benzophenone hydrazone, Pd(OAc)2, rac-BINAP, Cs2CO3, 
THF, 68°C, 18 h (66%). 
 
The third product is the (expected) red porphyrinylcarbazate Ni·4a, which was shown by TLC to 
convert to Ni·3a during the coupling reaction, and to Ni·2a spontaneously by aerial oxidation. 
This product may be by-passed by continuing the coupling reaction for 26 h and working-up the 
reaction by stirring the THF/water mixture in air for at least an hour, a procedure that gives the 
highest yields of 3 and the cleanest chromatographic separations. By changing the reaction 
conditions, the Ni(II) complexes Ni·2a,b and Ni·3a,b can be prepared selectively, utilizing one 
equivalent of t-butyl or ethyl carbazate and the monobromoporphyrin for the former and the 5,15-
dibromo Ni(II) complex Ni·1b and excess carbazate for the latter.8,9 
 
The imino compounds display interesting characteristics, including markedly increased solubility 
in polar solvents such as methanol, compared with diphenylporphyrin precursors. This increase in 
solubility has also been previously noted for dioxoporphyrins.10 The absorption spectrum of Ni·3a 
is similar to that of the latter compounds (Figure 1), the porphodimethene system giving rise to 
two major bands at 437 and 606 nm. The higher energy band is much reduced in intensity 
compared to the Soret band of its porphyrin precursor. A third absorption band at 334 nm appears 
to be characteristic of this type of porphodimethene, but its origin is unknown as yet. The 1H 
NMR spectrum of Ni·3a shows the loss of ring current with the resonances of the β-pyrrolic 
protons shifted upfield to < 7 ppm. The carbamate-like NH signal appears at 8.72 ppm as a broad 
singlet that is readily eliminated by treatment with D2O. The Ni(II) di-iminoporphodimethenes can 
be quantitatively oxidized with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) to reconjugate 
the porphyrin macrocycle, forming the blue-green bis(azocarboxylates) 5.11 The absorption 
spectra of Ni·3a and its derivative 5a are compared in Figure 1, the latter showing a strongly red-
shifted porphyrinic spectrum. 
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Figure 1. Absorption spectra of a) Ni·3a (solid) and Ni·5a (dashed) and b) H23a (solid) and 6 (dashed) in CH2Cl2. 
 
The crystal structure12 of Ni·3a (Figure 2a) shows that the coordination sphere is very close to 
square planar. Minimal tetrahedral distortion is indicated by the small deviations of the 
coordinated N atoms from their least squares plane [maximum displacement from the mean plane 
is 0.0285 Å for N(3)]. In contrast, the porphyrinoid ring displays a strongly puckered geometry 
with three-dimensional curvature of the macrocyclic ring. The least squares plane for the 24 atoms 
of the porphyrinoid ring is almost coincident with the least squares plane of the four metal-
coordinated nitrogen atoms N(1)–N(4) [dihedral angle 0.47° with Ni(1) displaced by 0.15Å]. 
However, there are severe displacements of the meso-carbon atoms from the 24-atom mean plane 
(Figure 2b) [C(5) 1.064, C(10) -0.821, C(15) 1.085, C(20) -0.836 Å] and so the distortion is of the 
type described in the literature as “ruffled”.13 The coordination geometry at nickel and overall 
porphyrinoid shape are similar to those of the oxo-quinoidal Ni complex recently reported by 
Osuka’s group.14 
 
 
 
 
 
 
Figure 2. (a) ORTEP depiction of Ni·3a·1.5(dioxane)·H2O 
with ellipsoids drawn at the 35% probability level. Water 
and dioxane molecules and H atoms attached to phenyl 
and t-butyl carbon atoms have been omitted for clarity. Selected bond lengths: Ni(1)−N(1) 1.893(2), Ni(1)−N(2) 
1.893(2), Ni(1)−N(3) 1.886(2), Ni(1)−N(4) 1.892(2) Å; imino N=Cmeso, N(5)=C(5) 1.299(4), N(7)=C(15) 1.297(4) Å; 
hydrazino N−NH, N(7)−N(8) 1.349(4), N(5)−N(6) 1.349(3) Å. (b) Representation of Ni·3a viewed approximately 
parallel to the least squares plane of the macrocycle illustrating the saddle shape of the complex (C – light grey, O – 
medium grey, N – black, H atoms not shown except those attached to N atoms – white). The meso-carbon atoms 
(labelled) protrude farthest from the least squares plane of the 24 atoms of the porphyrinoid macrocycle. 
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The corresponding Zn(II) complexes Zn·3a,b were prepared in high yield from Zn·1b, but the 
free bases H2·3a,b were more difficult to isolate in pure form. The inner N-H protons of H2·3a 
resonate at 12.42 ppm in contrast to those of H2·1a at –2.99 ppm. This shift is similar to that for a 
free base dioxoporphodimethene.10 The absorption spectrum of H2·3a shows a broad, blue-shifted 
band in comparison to that of Ni·3a (Figure 1). 
 
In order to examine the generality of this hydrazination/oxidation and to see whether the 
porphodimethene conjugation could be further extended, benzophenone hydrazone was reacted 
with Ni·1b. It was found that 6 could be readily prepared using the same catalytic conditions as for 
3.15 The absorption spectrum of 6, comprising two major bands (Figure 1) is similar to that of 
linearly extended systems with interrupted porphyrin conjugation, such as Anderson’s 5,15-
dialkylideneporphyrins.5 
 
We expect these compounds to open the door to a range of new functionalized porphyrinoids. 
Carbazates and azoesters are known to be biologically active16 and their combination with the well 
known photosensitizing and tumor-localizing abilities of porphyrins may lead to new candidate 
drugs. The long wavelength absorptions of molecules such as 6 indicate the possibility of tailoring 
the absorption characteristics by further extension of the conjugation. Linearly extended 
porphyrinoids have potential for non-linear optics and molecular electronics. Moreover, 
investigation of the redox chemistry of these compounds should be interesting, given the unusual 
propensity for the part-oxidation with loss of macrocyclic conjugation. Studies of all these aspects 
are in progress, and will be facilitated by the solubilities of these new compounds in a wide 
variety of solvents. 
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